The progressive loss of stored knowledge about word meanings in semantic variant primary progressive aphasia (svPPA) has been attributed to an amodal "storage" deficit of the semantic system. Performance consistency has been proposed to be a key characteristic of storage deficits but has not been examined in close detail and larger participant cohorts. Method: We assessed whether 10 people with svPPA showed consistency in picture naming across 3 closely consecutive sessions. We examined item-by-item consistency of naming accuracy and specific error types, while controlling for the effects of word-related variables such as word frequency, familiarity, and age of acquisition. Results: Participants were very consistent in their accurate and inaccurate responses over and above any effects of the word-related variables. Analyses of error types that compared consistency of semantic errors, correct responses, and other error types (e.g., phonologically related errors, unrelated errors) revealed lower consistency. Conclusions: Our findings support the assumption that semantic features constituting semantic representations of objects are progressively lost in people with svPPA and are therefore consistently unavailable during naming. Variability in the production of error types occurs when distinctive features of an object are lost, resulting in the selection of semantically or visually similar items or in the failure to select an item and a response omission. The assessment of performance consistency sheds light on the underlying impairment of people with semantic deficits (semantic storage vs. access deficit). This can support the choice of an appropriate treatment technique to maintain or reteach semantic information.
General Scientific Summary
The results of this study revealed that individuals with semantic variant primary progressive aphasia are highly consistent in their accurate/inaccurate responses across consecutive sessions of picture naming. This shows that some semantic information is consistently unavailable to them. However, the specific errors that participants make vary from participant to participant and session to session, suggesting that semantic information is not stored in holistic representations but is represented in the form of semantic features which deteriorate and eventually become lost.
Keywords: semantic variant primary progressive aphasia, storage impairment, consistency, naming, semantic features Semantic variant primary progressive aphasia (svPPA; GornoTempini et al., 2011; Hodges, Martinos, Woollams, Patterson, & Adlam, 2008; Hodges, Patterson, Oxbury, & Funnell, 1992 ) is a neurodegenerative disease that primarily affects language production and comprehension. Core diagnostic features include impaired confrontation naming and impaired single-word comprehension (Gorno-Tempini et al. (2011) . Other cognitive skills outside of language-including working memory, episodic memory, orientation, problem solving, and visuospatial skills-remain relatively preserved until severe stages of the disease . On neuroimaging, individuals with svPPA show atrophy in the anterior temporal lobe, which is usually more dominant leftlaterally at first but becomes bilateral in later stages (AcostaCabronero et al., 2011; Brambati et al., 2009; Gorno-Tempini et al., 2011; Mummery et al., 2000) .
Storage Deficits and Response Consistency in svPPA
There is now a substantial body of evidence supporting the theory that the language symptoms of svPPA are related to a central (amodal) impairment of the semantic system (e.g., Bozeat, Lambon Ralph, Patterson, Garrard, & Hodges, 2000; Coccia, Bartolini, Luzzi, Provinciali, & Lambon Ralph, 2004; Hodges, Graham, & Patterson, 1995; Marques & Charnallet, 2013; . Moreover, this impairment in svPPA has generally been described as a "storage deficit," in which stored semantic information is progressively lost (Hodges et al., 1995; Mirman & Britt, 2013; Shallice, 1987) .
Feature-based theories of semantic representations assume that this semantic information is stored in the form of functional and perceptual features or attributes, which characterize word meanings and distinguish them from each other (e.g., Dell, Schwartz, Martin, Saffran, & Gagnon, 1997; Vigliocco, Vinson, Lewis, & Garrett, 2004) . In tasks such as picture naming, these distinguishing features necessarily have to be activated to fully and correctly retrieve the lexical representation (e.g., cat) and therefore name the picture "cat" (Figure 1a ).
In svPPA, it is assumed that certain semantic features deteriorate and eventually are lost, and therefore lexical-semantic representations cannot be retrieved successfully (Hodges et al., 1995; Laisney et al., 2011) . According to this assumption, participants with svPPA should experience a consistent failure to retrieve the correct lexical representation of a target in tasks such as picture naming.
If features are lost that are necessary for distinguishing between concepts, for example, distinguishing cat from dog, the participant might name a picture of a cat as "dog" instead (Figure 1b) . This is usually referred to as a coordinate semantic error-an error type that has been commonly reported in svPPA (e.g., Budd et al., 2010; Jefferies & Lambon Ralph, 2006) . If only those features are left that can identify a cat as an animal, then the picture might be named with the superordinate semantic error animal. This response type is another frequent occurrence in picture naming in svPPA and becomes more frequent the further the impairment progresses (Budd et al., 2010; Hodges et al., 1995) .
However, word finding difficulties or difficulties in word comprehension can also occur as a result of an impairment in This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
the "access" to representations in the semantic system or in the access to or from semantic representations to word forms in the lexicon, as often seen in people with stroke aphasia (e.g., Warrington & Shallice, 1979) . In this case, semantic representations themselves are intact but cannot be accessed reliably. This may occur in the early stages of svPPA, in which comprehension is still relatively intact but individuals appear to have reduced naming abilities because of weakened access to semantic representations in language production (Mesulam et al., 2009; Wilson, Dehollain, Ferrieux, Christensen, & Teichmann, 2017) . Warrington and Shallice (1979) proposed that one of the main characteristics that can be used to distinguish between a storage deficit and an access deficit is response consistency. They suggested that if a representation is "lost" because of a storage deficit, it should be consistently unavailable-in the same task over time and in tasks assessing different verbal and nonverbal modalities. In contrast, if representations are still present but inaccessible as a result of an access deficit, retrieval of those representations might be less consistent because of fluctuations in their accessibility. Evidence for consistency in participants with a putative storage deficit comes from Chertkow and Bub (1990) , who found high consistency of accurate and inaccurate responses in two sessions of a picture naming task with 10 participants with Alzheimer's disease. Similarly, Warrington and Cipolotti (1996) reported several word-picture matching experiments with four participants with frontotemporal dementia, who, at the time, were given a clinical diagnosis of probable Pick's disease but fulfilled the criteria for svPPA. This study showed that the responses of these participants to each item across the experiments was highly consistent (see also Coughlan & Warrington, 1981) . Our study seeks to confirm and extend these findings: Given that individuals with svPPA are claimed to suffer from a storage deficit with semantic information being lost, this predicts a permanent and consistent inability to name specific words correctly (cf. Figure 1) .
Evidence for performance inconsistency because of to an access deficit was presented in a study by McCarthy and Kartsounis (2000) , which described Participant FAS, who suffered from an impairment at a postsemantic but prephonological processing level. Across four testing sessions, a third of all the test items that were named by FAS were highly variable in their accuracy: FAS could name these items correctly on one but not on another occasion.
Critically, when evaluating consistency, it is vital that other factors are also controlled. For example, Howard (1995) demonstrated that a considerable amount of the consistency shown in lexical retrieval by Participant EE was related to word familiarity, with highly familiar words being consistently named correctly. Hence, other psycholinguistic variables that can influence performance, such as familiarity or frequency, which can lead to some items being consistently named accurately or inaccurately, need to be controlled (see also Rapp & Caramazza, 1993) .
Further evidence for a distinction in consistency between storage and access deficits comes from a study by Gotts and Plaut (2002) , who used computational modeling to simulate the symptoms of access and storage deficits. They simulated a storage deficit as damage to connections between neuron-like semantic units (Buzsáki, 2010; Hebb, 1949; McClelland & Rogers, 2003) . The higher the proportion of lesioned (i.e. removed) connection, the more information was lost. An access deficit was simulated by increasing the level of activation needed to activate and access the units that code semantic information. The model was only able to generate response consistency when connections were severely damaged in case of a storage deficit. This suggests that with different disease severity, we may expect different patterns of consistency.
Previous studies investigating response consistency in people with svPPA have mostly examined consistency across modalities: For example, Bozeat et al. (2000) and Jefferies and Lambon Ralph (2006) reported high item-by-item consistency across picture naming, word-picture matching, and sound matching. They also found sensitivity to concept familiarity in their participants, with familiarity emerging as a significant predictor of the degree of consistency shown. The only study that has examined item consistency in the same task over time was conducted by Hodges et al. (1995) , who reported high item-by-item consistency on accuracy for JL, a man with svPPA. JL named almost all pictures consistently incorrectly over five sessions, with 5 to 6 months between sessions. Unfortunately, there was no examination of the extent to which familiarity and frequency could have accounted for this consistency, nor whether there was also consistency between error types within the incorrect responses. Thus, although these studies provide evidence for a storage deficit in the semantic system in svPPA, there remains a need to study the consistency of performance over time in a larger sample of participants while controlling for familiarity, frequency, and other semantically and lexically relevant variables. Moreover, although items might be consistently named incorrectly, it is important to also consider error type consistency.
In the present study, we address these issues by assessing item-by-item consistency within modality over repeated presentations in a case series of 10 people with svPPA. Our sample size matches, or even exceeds, that of most studies that have previously studied consistency and storage impairments (e.g., Bozeat et al., 2000 : n ϭ 10; Coughlan & Warrington, 1981 : n ϭ 1; Hodges et al., 1995 : n ϭ 1) or other aspects of language production in svPPA (e.g., Marques & Charnallet, 2013 : n ϭ 6; Montembeault et al., 2017 : n ϭ 9). We examined consistency not only between correct/ incorrect responses but also between semantic errors and other error responses, while controlling for effects of psycholinguistic variables such as familiarity and frequency on naming. By doing so, we aimed to establish whether consistency can indeed be used as a criterion to distinguish a "storage" deficit from an "access" deficit even when including a finer distinction within incorrect responses. Moreover, the characteristics of our participant cohort allow us to investigate consistency at different severities of svPPA.
Method Participants
The current study included 10 participants with svPPA who took part in a word-relearning study by Savage and colleagues (Savage, Ballard, Piguet, & Hodges, 2013; Savage, Piguet, & Hodges, 2014 , 2015 . All participants were originally recruited through FRONTIER, the Frontotemporal Dementia Research Group Clinic at Neuroscience Research Australia, Sydney, and had been diagnosed with svPPA according to the consensus criteria (Gorno-Tempini et al., 2011) by an experienced behavioral neurologist (John Hodges), This document is copyrighted by the American Psychological Association or one of its allied publishers.
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based upon detailed clinical assessment, neuropsychological assessment, and, when possible, structural brain MRI (see Table 1 ). Participant labels have been retained from Savage et al. (2015) , in which Participants B1, C2, G1, J1, S1, and T4 were reported; J2 and J3 in this study are SD-J2 and SD-J3 in Savage et al. (2014) , and K1 was Participant SD3 in Savage, Ballard, et al. (2013) . We selected all participants for whom data was available from three pretherapy naming baselines, with a minimum of 50% overt responses in each baseline, to allow for statistical analysis. Demographic information is summarized in Table 1 . MRIs obtained for nine participants (excluding K1, who had a pacemaker and therefore could not be scanned) showed the typical pattern of atrophy in the anterior temporal lobe. All but one of the participants showed predominantly left temporal lobe atrophy. Although Participant C2 had dominant right temporal lobe atrophy, he did not perform differently on any of the tasks investigated (see Table 2 ). Details of imaging and atrophy for all participants are available in the original articles (Savage, Ballard, et al., 2013; Savage et al., 2014 Savage et al., , 2015 .
All of the participants underwent extensive clinical and cognitive assessments. A detailed summary of each participant's cognitive and language abilities is shown in Table 2 . As described in previous publications, all participants showed marked deficits in word finding (anomia), as seen on their spoken picture naming (range 1-16 of 30 correct) and category fluency performance (range 3-15 category members). All participants, except for the two with the least impaired naming, J1 and S1, also showed impaired general semantic processing and impaired language comprehension Sydney Language Battery (SYDBAT; Savage, Hsieh, et al., 2013) . Most participants were still able to comprehend grammatically complex structures relatively well Test for the Reception of Grammar (TROG); Bishop, 1989 . Hence, consistent with the diagnosis of svPPA, the results of the language assessments supported a central semantic deficit as the impairment underlying the difficulties in word finding and language comprehension, while lexical, grammatical, and postlexical processes remained mostly intact.
Scores on tests of general cognitive abilities were reduced only in participants with more severe svPPA. All of the participants had an intact verbal working memory, as shown in the results of the Digit Span task (Wechsler, 2008) and showed intact short-term episodic memory and preserved visuospatial skills on the Rey Complex Figure  Test (Meyers & Meyers, 1995) . Psychomotor speed was not reduced, with almost all participants' results on the Trail Making Test Part A (Reitan & Wolfson, 1985) falling within the time span needed by controls in the respective age groups. Mental flexibility also remained intact, with only one of the more severe participants performing slower than controls on this task (J3: 113s).
Stimuli
Stimuli were those used to create individualized word retraining programs, as reported in earlier studies by Savage and colleagues (Savage, Ballard, et al., 2013; Savage et al., 2014 Savage et al., , 2015 . As a result, items included were relevant to each participant's individual language abilities, interests, and everyday needs from the following semantic categories: animals, food, kitchen items, bathroom items, household items, tools, and clothes. The majority of words were typical members of their category (e.g., tomato, spoon, vacuum cleaner) with the exception of a few very specific items such as circular knitting needles or African buffalo. Each participant was tested on approximately 100 words (with a range of 79 -129, which varied depending on the severity of the disease), using photographs obtained from stock images or taken by a family member in order to depict the specific object that was used at the participant's home (for further detail of the methods behind item selection, see Savage, Ballard, et al., 2013; Savage et al., 2014 Savage et al., , 2015 .
Across participants, there was a total of 296 different words, of which 267 words were used for analysis (see Appendix A): Items removed included those for which the participant's response had not been recorded because of a fault in the program or when the object was highly specific and not a single word (such as African buffalo; see Appendix B). Psycholinguistic variables were collated for each word: spoken word frequency, as measured by the SUBTLEX-UK corpus (van Heuven, Mandera, Keuleers, & Brysbaert, 2014) , and number of syllables and number of phonemes. In addition, ratings were obtained from 20 healthy participants (Macquarie University students) for concept familiarity, age of acquisition (AoA), and imageability, using instructions from Gilhooly and Hay (1977) for AoA, Pavio, Yuille, and Madigan (1968) for imageability, and Alario and Ferrand (1999) for familiarity. However, the use of individual pictures for each participant made it infeasible to obtain measures of visual complexity and name agreement for each picture. Note. M ϭ male; F ϭ female; NA ϭ MRI not available because of the presence of a pacemaker. a J3 learned English when he was 9 years old, lived in an English-speaking country since that time, and had 3 years of formal education in English from Age 14 -17. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Procedure
Participants were tested individually in their homes. The data used in this study were from the series of baseline tests conducted to establish each participant's naming performance prior to training. Participants were instructed to name each picture with a single word. In each session, the participants were presented with their personal pictures in random order. Each picture remained on the screen for 10 s. Sessions were audio recorded and subsequently transcribed and scored for accuracy by the experimenter. This baseline assessment was repeated several times per week for a minimum of four sessions total (Savage et al., 2014) .
For the current study, we chose three consecutive sessions of baseline testing for each participant. We excluded the first session to reduce the difference in task familiarity across sessions, and when possible, analyzed the second, third, and fourth recorded baselines or the earliest sessions without data recording errors. For Mioshi et al., 2006) . b The language subtest of the ACE-R assesses reading, writing, comprehension, repetition, and semantic tests. c Category fluency: Participants are asked to name as many animals as possible within 60 s, testing their ability to produce members of a certain semantic category. On average, controls name 17 category members (Marczinski & Kertesz, 2006; Savage, Hsieh, et al., 2013) .
d Digit Span subtest of the Wechsler Adult Intelligence Scale (Wechsler, 2008) assesses verbal working memory. Participants have to repeat a series of digits forward and backward. Control data obtained by Savage, Hsieh, et al. (2013) yielded an average forward digit span of 7.2 (SD ϭ 1.3) and a backward digit span of 5.5 (SD ϭ 1.3).
e Rey Complex Figure Test (Meyers & Meyers, 1995) assesses visuospatial skills and short-term episodic memory. The participant is first asked to copy the figure and then to reproduce the same figure from memory after a 3-min delay. Controls scored a mean of 33.76 (SD ϭ 2.8) on the copy task and 17.33 (SD ϭ 5.2) on the delayed task (see Strauss, Sherman, & Spreen, 2006, p. 828) .
f Trail Making Test (Reitan & Wolfson (1985) see Strauss et al., 2006, pp. 655-677 ) is a two-part test involving visual search, speed of processing, and mental flexibility. In Part A, participants draw a line to connect numbers in sequential order. In Part B, they have to alternate between numbers and letters (e.g., 1-A-2-B). Scores are derived from the time needed for completion, which requires speeded performance and close attention. Tombaugh (2004) presents normative data stratified by age and education.
g Sydney Language Battery (SYDBAT; Savage, Hsieh, et al., 2013) assesses language production and comprehension at a single-word level to distinguish subtypes in Primary Progressive Aphasia. The SYDBAT comprises four subtests: (a) Naming: participants name 30 pictures of objects with decreasing word frequency; (b) Repetition: participants repeat single words after the examiner; (c) Comprehension: participants match a spoken target word to one of seven pictures; and (d) Semantic: participants select the closest match to a target picture from four semantically related pictures.
h Test for the Reception of Grammar (TROG; Bishop, 1989) : Participants match sentences with increasing syntactic complexity to one of four pictures. The task has 20 blocks, each with four samples of a particular syntactic construction; all four of a block must be answered correctly to "pass" a block.
i Frontotemporal Dementia Rating Scale (FRS; Mioshi, Hsieh, Savage, Hornberger, & Hodges, 2010) . j Based on the FRS Rasch-converted score rating behavioral and cognitive abilities of people with frontotemporal dementia, six severity classes were identified: very mild, mild, moderate, severe, very severe, and profound (Mioshi et al., 2010) . ‫ء‬ Where normative data was available the asterisk ( ‫ء‬ ) indicated results outside the normal range. This document is copyrighted by the American Psychological Association or one of its allied publishers.
three participants (J1, J3, S1), the analyzed sessions were recorded on consecutive days; for the remaining participants, there was at least 1 day in between each session. For Participants K1 and G2, the second and third session that we chose for analysis were not consecutive in the actual baseline tests, as two sessions had to be excluded because of data errors.
Error Coding
The responses were coded by the first author as correct or erroneous using an unpublished coding system devised by Best, Nickels, and Williamson (2005) . Half of the data (50%) was double coded by an additional expert coder. Interrater agreement was 91.5%, with any disagreements discussed and recoded by consensus.
Only the first full response by the participant was scored (i.e., false starts were not coded [e.g., for the response "fee . . . feet," only "feet" was coded], nor were part responses that cannot stand alone as an English syllable, such as single consonants, short vowels, or consonant-vowel clusters with a short vowel).
Responses were scored as correct when they were identical to the target word or when they were acceptable part responses (e.g., phone for telephone), acceptable alternative names for the picture (e.g., saucepan for pot), or contained the target but with additional information (e.g., some kind of pasta for pasta, a big cat for cat).
Incorrect responses were classified as shown in Table 3 . Semantically related responses were subdivided into one of seven types of relationship with the target. Phonologically related, unrelated, and visual errors were grouped as "other error response" for purposes of statistical analysis.
Analysis
Given the individualized nature of the item lists, each case was examined separately in individual analyses. A supplementary analysis was then run to assess whether patterns of consistency/inconsistency were present homogeneously for the group. The statistical analyses were performed using R Version 3.3.1 (R Core Team, 2016) .
Individual analyses. Consistency across sessions for each participant was assessed in two main analyses. Cohen's kappa (Cohen, 1960) was used to assess the consistency of accuracy of individual items (i.e., the degree to which the same items were consistently accurate or inaccurate across consecutive sessions) and how consistently participants named an item using a certain error type across the three sessions. Because semantic errors were the most common overt error type across all participants, and are a key diagnostic symptom of svPPA, we compared the consistency of naming an item with a semantic error in Sessions 1, 2, and 3 with naming it accurately or with any other error type. Strength of agreement was interpreted using ranges provided by Landis and Koch (1977) : kappa Ͻ0.00 (poor), 0.00 -0.20 (slight), 0.21-0.40 (fair), 0.41-0.60 (moderate), 0.61-0.80 (substantial), and 0.81-1.00 (almost perfect).
Logistic regressions and multinomial regressions were used to determine whether the naming responses of Session 3 could be better predicted when responses in either Session 1 or 2 were added as an independent variable, over and above the predictive value that other psycholinguistic variables (familiarity, AoA, imageability, frequency and number of phonemes) may have on naming performance (Hirsh & Funnell, 1995; Howard, 1995; Kremin et al., 2001 ). First, we used logistic regression to predict a correct versus an incorrect response. Second, we examined whether the production of semantic error responses was consistent across testing sessions by examining whether semantic errors produced in Sessions 1 and 2 predicted the occurrence of the same error type in Session 3. Because the categorical variables "naming responses in Session 1/2/3" now included three, rather than two, categories (accurate response, semantic error, all other error types, including no specific responses), these analyses were run as multinomial logistic regressions (using the package mlogit in R; Croissant, 2013). Table 3 Error Coding Scheme (Best et al., 2005) This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
In addition, McNemar's test for related samples was used to determine whether there was a difference in the consistency across sessions for inaccurate and accurate responses-Were accurate responses and inaccurate responses equally consistent? McNemar's test was further used to compare the similarity in consistency between semantic errors and accurate responses and between semantic errors and other error types. The calculations were done using the package exact2x2 in R (Fay, 2010) and Excel.
Homogeneity of the group. To examine whether the effects of consistency were homogeneous across the group, we used linear mixed modeling using the lme4 package in R (Bates, Mächler, Bolker, & Walker, 2015) , and p values were determined using the package lmerTest (Kuznetsova, Brockhoff, & Haubo, 2016) . This allowed us to examine whether including naming responses from previous sessions as fixed effects in the group model significantly improved the model's fit-and thus whether consistency was present at the group level. By including by-subject random slopes for all variables (naming responses from previous session, familiarity, AoA, imageability, word frequency an length), we were able to assess the homogeneity of the group with respect to consistency measures and effects of each psycholinguistic variable: If including a random slope for a variable led to significant improvement of the model compared with a reduced model without that random slope, participants were not homogenous with respect to the effects of that variable.
For all generalized linear models (i.e., the logistic and multinomial regressions and the mixed models), the continuous variables (familiarity, AoA, imageability and frequency) were centered. Figure 2 shows the pattern of errors across the group as a whole, with individual patterns for each participant shown in Appendix C: Semantic errors were the most common error type (31% of responses, SD ϭ 14%; 50% of errors, SD ϭ 22%; see Figure 2a ). When examining subtypes of semantic errors, semantic descriptions (48% of semantic errors, SD ϭ 33%) and coordinate errors (26%, SD ϭ 17%) were most frequent (Figure 2b) . No (specific) responses (i.e., omissions) were the second most common error type across all sessions (24% of responses, SD ϭ 17%; 39% of errors, SD ϭ 27%). Accurate responses tended to increase from session to session for the group and for each individual. Accurate responses included those considered acceptable alternatives or part responses as well (see above). Phonological errors (1% of responses, SD ϭ 1%; 2% of errors, SD ϭ 2%), combined with visual errors (1% of responses, SD ϭ 1%; 2% of errors, SD ϭ 1%) and unrelated errors (5% of responses, SD ϭ 5%; 7% of errors, SD ϭ 9%), form the smallest group of naming errors. This is consistent with the language assessment scores and the general disease pattern in svPPA, in which phonological processing is usually spared.
Results

Descriptive Error Analysis
For the two participants for which Sessions 2 and 3 were not consecutive baseline sessions because of technical problems in the recordings (Participants G2 and K1), the increase in accuracy from Session 1 to Session 3 was significantly higher than in those participants for which Sessions 1, 2, and 3 were consecutive baseline sessions (mean increase accuracy for Participants G2 and K1 ϭ 18, other participants ϭ 3; Wilcoxon's rank sum test, W ϭ 16, p ϭ .049). This suggests a greater practice effect in those two participants as a result of the intervening session.
Statistical Analyses: Single Cases
Cohen's kappa. A first analysis compared accuracy scores, that is, incorrect versus correct answers, between the three sessions. As shown in Table 4 (left-hand column), all participants showed strong to fair consistency in their accuracy scores, with four participants showing substantial strength of agreement in accuracy across sessions, five participants showing moderate strength of agreement, and one participant ( G2 1 ) showing fair strength of agreement. For J1, for example, there was a kappa coefficient of 0.7 between the three sessions, reflecting very high consistency in accuracy across Session 1, 2, and 3. Participants J3, J2, G1, and J1 were the most consistent in their accuracy scores. When correlating naming severity (based on the SYDBAT naming scores) of participants with their kappa values on accuracy consistency, there was no significant relationship (Pearson's r ϭ .061, p ϭ .867).
A second kappa coefficient for each participant was calculated to assess consistency across correct responses, semantic errors, no specific responses, and other error responses (including phonological, visual, and unrelated errors; Table 4 , middle column).
Again, J1 and G1 were most consistent. Overall, all 10 participants were less consistent than they were when only accurate and inaccurate responses were compared. This difference was especially prominent for J3 and B1. In a final analysis using kappa, we examined whether there was consistency in eight different response types, focusing on the different semantic error subtypes: accurate response, coordinate, superordinate, associative, information from episodic memory, semantic descriptions, semantic other, and all other (nonsemantic) error responses. The results of the kappa analyses show that consistency was still relatively high, as shown in Table 4 (right-hand column). Participants (T4, C2, J2, G1, J1) who had shown the highest consistency in the previous analysis distinguishing between the four major response types (correct responses, semantic errors, no specific responses, and other error types; see Table 4 , middle column) showed moderate consistency and only a minimal reduction of the kappa coefficients (by about .04, on average) in the more specific analysis including semantic error subtypes.
The consistency of semantic errors is further illustrated in a schematic overview of the semantic errors that were produced by each participant (see Figure 3) . The two columns show the proportions of items that were semantic errors in Session 1 and also resulted in semantic errors in Sessions 2 or 3, respectively. Figure  3 further shows when a response changed into an accurate response, no specific response, or another error response. For the majority of participants, most semantic error responses remained semantic errors in the following sessions rather than turning into 1 G2 is an exception, as she performed particularly poorly in Session 2 compared with Sessions 1 and 3, that is, very inconsistently. A closer look at her naming data reveals that she took a long time to respond to a picture in Session 2. This led to more responses being cut off by the 10-s time limit, which therefore had to be coded as no responses. G2's third naming session was not consecutive to Session 2, and perhaps the intervening sessions helped to increase her response speed so that more responses fell within the time limit. This document is copyrighted by the American Psychological Association or one of its allied publishers.
any other response type (58% on average, SD ϭ 18%). However, for Participant S1, for example, almost 50% of the semantic errors in Session 1 became accurate responses in Sessions 2 and 3, and correspondingly, S1's kappa value for the four different response types was only "fair" (0.345). For G1, on the other hand, 80% of semantic errors remained semantic errors in the following sessions and only very few changed to accurate responses or another error type. G1's kappa value is consequently "substantial" (0.621).
Relative consistency of response types: McNemar's test.
The consistency analysis was supplemented by using McNemar's test to assess whether any response type was more or less consistent than another.
We first compared accurately and inaccurately named items, as shown in Table 5 (upper panel). If p Ն .05, then inaccurate and accurate responses were equally consistent or equally inconsistent across the sessions.
Comparing the consecutive sessions, Sessions 2 and 3, the majority of participants (eight of 10 participants) showed no difference in consistency between accurate and inaccurate items, except for G2, who was significantly more consistent in accurate than inaccurate responses (more inaccurate responses became accurate responses than vice versa, p Ͻ .001; see Descriptive Error Analysis section), and J4, who showed a trend in the same direction (p ϭ .070). When comparing the nonconsecutive sessions (Sessions 1 and 3), more participants showed differences in consistency between accurate and inaccurate items: Three participants were significantly more consistent in their accurate compared with inaccurate responses (G2, p ϭ .001; K1, p ϭ .001; J2, p ϭ .049), and the remaining three participants (T1, p ϭ .096; B1, p ϭ .093; J1, p ϭ .070) showed a trend in the same direction.
In summary, the majority of participants were equally consistent in their accurate and inaccurate responses across consecutive sessions. When participants showed differences in consistency, inaccurate responses were always less consistent than accurate responses.
The same analysis was run examining only responses with semantic errors or omissions (no specific responses) to see which of these error types was more consistent, or whether they were equally consistent, for the individual participants. All items with accurate responses or other error types were excluded from this analysis. Results are summarized in Table 5 (lower panel).
In the consecutive Sessions 2 and 3, all but one participant exhibited no significant difference, whereby semantic errors were as consistent (or inconsistent) as omissions, whereas for J3, semantic errors were less consistent than omissions. In the nonconsecutive Sessions 1 and 3, eight of 10 participants were equally consistent in their production of semantic errors compared with other error types, whereas two participants showed a significant difference (G2, p Ͻ .001, and K1, p ϭ .013). For K1, semantic This document is copyrighted by the American Psychological Association or one of its allied publishers.
errors were more consistent, whereas for G2, semantic errors were less consistent, compared with omissions. Predicting naming responses from other variables: Binary and multinomial logistic regressions. This analysis aimed to examine the factors predicting an accurate response in Session 3 (compared with any other response type) using logistic regression. We first added the psycholinguistic variables (familiarity, AoA, imageability, frequency and length) as independent variables predicting Session 3 accuracy. Then, in two supplementary models, we added either Session 2 accuracy or Session 1 accuracy as additional predictors, and finally, we compared the predictive value of the different models. The full model outcomes are presented in Appendix D, and model comparisons are shown in Table 6 .
For all participants, the accuracy of an item in a previous session was found to be a significant predictor of item accuracy in Session 3, and hence improved the statistical model (Models 2a and 2b) over and above the predictive value of other language variables (Model 1; see Table 6 ). The psycholinguistic variables (familiarity, AoA, imageability, frequency, and number of phonemes) differed in how far they predicted naming accuracy across participants. Familiarity, imageability, and frequency were each significant predictors for three of the 10 participants, AoA was a significant predictor for two participants, and length was a significant predictor for one participant (see Appendix D). Collinearity between predictor variables was accounted for by calculating the variance inflation factor (VIF) for each predictor in each participant's regression model. Moreover, the correlation between predictor variables was determined individually for each participant because the picture set, and therefore the values for language variables that were included in the models, differed among participants. The results of these calculations are summarized in Appendix E. After careful inspection, we do not see cause for concerns about multicollinearity in our data, as both measures are below the values suggested as critical for multicollinearity by statisticians 2 (VIF Ͻ10: Field, Miles, & Field, 2012, and Myers, 1990 ; r Ͻ .8: Hutcheson & Sofroniou, 1999) .
Multinomial regressions.
Finally, as for the previous accuracy analyses, a series of logistic regression analyses was carried out to reveal whether the production of semantic error responses was consistent across testing sessions, by examining whether semantic errors produced in Sessions 1 and 2 predicted the occurrence of the same error type in Session 3. The full model results are presented in Appendix F, and the model comparisons are shown in Table 6 . We first examined whether a semantic error rather than an accurate response in Session 1 (2a) or 2 (2b) predicted a semantic error in Session 3 (Analysis 1, Appendix F, upper panel), and, second, whether a semantic error versus any other error in Sessions 1 or 2 predicted a semantic error in Session 3 (Analysis 2, Appendix F, lower panel).
As in the logistic regression analyses, for all participants, no language variable (familiarity, frequency, etc.) consistently predicted naming responses of the third session significantly. However, for all participants, a model including naming responses of Sessions 1 or 2 was always a significantly better fit than the model containing only the language variables (see Table 6 ).
1. Predicting a semantic error compared with an accurate response in Session 3.
The likelihood of a semantic error in Session 3, rather than an accurate response, was significantly increased by a semantic error compared with an accurate response in Session 1 and Session 2 for six participants (an odds ratio significantly Ͼ1 for Participants J3, C2, K1, J2, G1, and T4, for whom, in Session 2, the odds ratios were uninterpretable), and for one additional participant (B1), there was a significant effect in Session 2 and a trend in Session 1. A semantic error compared with another error type in Sessions 1 or 2 did not 2 For participants T4 and G1, familiarity and imageability correlated at rho ϭ .850 and rho ϭ .901, respectively. However, these participants did not perform any differently in the regression models. We therefore saw no concern in this relatively high correlation. This document is copyrighted by the American Psychological Association or one of its allied publishers.
increase the likelihood of a semantic error rather than an accurate response in Session 3, except for Participant G1 for Session 1.
2. Predicting a semantic error compared with other error types in Session 3.
Whether a naming response in Session 3 was more likely to be a semantic error rather than an "other error" was significantly predicted by a semantic error versus another error type in Sessions 1 or 2 for four participants (J3, T4, J2, G1), for one participant (B1) in Session 1 and not Session 2, and for two participants (C2, K1) in Session 2 but not Session 1 (C2 showed a trend in Session 1). Contrasting a semantic error with an accurate response did not increase the likelihood of a semantic error outcome in Session 3, with the exception of one participant (C2, in Session 2).
Statistical Analyses: Group Analyses
Homogeneity of the group with respect to consistency was tested using GLM mixed modeling, removing one random effect variable at a time and comparing it with the full model. For example, the full model for naming accuracy in Session 3 was as follows: glmer(Accuracy_S3ϳAccuracy_S1 ϩ Accuracy_S2 ϩ AoA ϩ Imageability ϩ Familiarity ϩ Frequency ϩ Length ϩ (1 ϩ Accuracy_S1 ϩ Accuracy_S2 ϩ AoA ϩ Imageability ϩ Familiarity ϩ Frequency ϩ Length|participants), family ϭ "binomial", control ϭ glmerControl(optimizer ϭ "bobyqa"), data ϭ lme_model_ data). There was no significant difference between the models (all ps Ͼ .137), confirming that the individuals with svPPA were homogenous with respect to consistency in their accuracy between sessions and that there was no variability in the effects of the different psycholinguistic variables between the participants.
Consistency Analysis Summary
The results of this study showed that all of the individual participants (except for G2) were very consistent in their naming accuracy, with no evidence for any differences in the consistency shown by the participants.
3 Pictures that were named accurately (or inaccurately) in one session were likely to be named accurately (or inaccurately) in another session. This consistency in naming accuracy was independent of the severity of the language impairment. Including naming accuracy from Sessions 1 and 2 always resulted in a better prediction of naming responses in Session 3 than other psycholinguistic variables alone (e.g., familiarity, frequency). The majority of participants were as consistent in their accurate as in their inaccurate responses. In the few cases in which a difference was measured, accurate responses were always more consistent than inaccurate responses, which was most likely related to a practice effect. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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The results for semantic errors and semantic error subtypes yielded consistency values ranging from "slight" to "substantial," with half of the participants showing "substantial" to "moderate" consistency. For the majority of participants, multinomial regression analyses of error type consistency showed that a semantic error in Session 1 or Session 2 significantly predicted that the outcome of Session 3 would also be a semantic error instead of an accurate response or another error type. When comparing the consistency of the different error types, the majority of participants were equally consistent in the production of semantic errors and other error types.
Discussion
The current study investigated language production in svPPA, which is assumed to be caused by a central, amodal semantic impairment (Hodges et al., 1995) . We investigated one characteristic of this semantic deficit, namely, performance consistency, on a picture naming task. Response consistency has been argued to be one of the main characteristics that can be used to distinguish between a "storage deficit" (in which semantic representations are degraded and eventually lost) and an "access deficit" (in which the representations remain unimpaired but cannot be accessed reliably) as the basic underlying deficits of the semantic system (Warrington & Cipolotti, 1996; Warrington & Shallice, 1979) . People with svPPA are assumed to suffer from a storage deficit at the semantic level, with a progressive degradation of semantic representations (Hodges et al., 1995; McCarthy & Warrington, 2016; Mirman & Britt, 2013) . Following this assumption, people with svPPA should perform highly consistently in tasks requiring semantic knowledge.
Our analyses revealed that, except for one individual, all of the participants with svPPA were moderately to highly consistent in their naming accuracy. However, some participants were more likely to change their performance on items that were named inaccurately to accurate responses, while showing more consistent performance on items that were already accurately named. Consequently, for these participants, the number of accurate responses increased with each session, which can most likely be attributed to a practice or priming effect (for a detailed study on practice effects, see, e.g., Nickels, 2002) . Of course, testing could have also increased the participant's attention to these words, resulting in attempts to use external sources to find and "learn" the answers between sessions.
Indeed, for two participants, G2 and K1, for which testing sessions were not entirely consecutive, as some sessions intervened between Sessions 2 and 3, correct responses increased more in Session 3 than for other participants. The greater spacing of their sessions meant that G2 and K1 may have had more opportunity for priming or to learn some of the previously incorrectly named items in the intermediate sessions.
High consistency was also found in the analysis of semantic errors, the most characteristic overt error type in svPPA. This showed that the majority of items that were named with a semantic error by the participants in the first session were again named with a semantic error in the following sessions.
Taken together, our results support the assumption that performance consistency is a characteristic of a semantic storage deficit, such as that exhibited by people with svPPA. In contrast to a storage impairment, an access impairment would predict variability, in that sometimes a representation can be accessed, and thus named correctly, and sometimes not (McCarthy & Kartsounis, 2000) . Some authors have cautioned that naming could be consistent even in access impairment because of the impact of stimulus-related psycholinguistic variables such as word frequency, whereby, for example, lowfrequency words can be consistently inaccessible (e.g., Howard, 1995; Rapp & Caramazza, 1993) . In the present study, we found that there was consistency over and above the effect of stimulus-related variables: Regressions showed that previous naming accuracy (or error type) reliably predicted subsequent responses even when these variables were included in the analysis.
By providing the first examination of consistency over multiple repetitions of the same stimuli in the same task, our results both support and extend the behavioral results of previous studies with people with svPPA (e.g., Budd et al., 2010; Hodges et al., 1995; Laisney et al., 2011) . Moreover, they increase our understanding of how semantic features that represent semantic information (as proposed by theories of language production incorporating decomposed semantic representations; e.g., Dell et al., 1997) deteriorate in svPPA (Hodges et al., 1995) . One might assume that a loss of semantic features is not compatible with naming consistency: this pattern seems to be more easily explained as a result of the loss of holistic concepts that are consequently consistently unavailable. Nonetheless, we would suggest that despite the high levels of consistency in our participants, the overall pattern is, in fact, more plausibly explained within a decomposed theory. First, there was not absolute consistency (as reflected by the kappa values), and second, some participants showed practice effects across the three sessions. The way test items were selected for each participant may have contributed to this pattern: Words were chosen if the person still had some semantic knowledge remaining. Given the partial remaining semantic knowledge, these items are more likely to show "access-like" patterns (see Wilson et al., 2017 , for evidence that some people with svPPA show access impairments). The loss of some semantic features leads to reduced (or inaccurate) activation of the lexical item. Activation of this lexical representation leads to gradual priming and greater accessibility on repeated presentation (Nickels, 2002) . However, as semantic loss increases, activation reduces to the point that the lexical representation can never be retrieved. Hence, gradual loss of semantic features leads to initial inconsistency of access, followed by later consistent inability to retrieve the form. In contrast, loss of a holistic semantic representation would be less likely to result in a phase of inconsistent access to lexical forms-once semantics are lost, access to the lexical form is lost.
Our results showed that response variability was highest within the different subtypes of semantic error, suggesting that variability remained as to which features could still be activated to provide semantic information about the item. Once again, this points toward an intermediate stage of feature availability, which varies between participants but, in all cases, results in some variability of naming responses across sessions. For example, if some of the features that are necessary to name a cucumber are lost, a person with svPPA might be more likely to name it tomato than lettuce if they have recently (between sessions) more often thought of, talked about, or eaten a tomato. Future research could explore this by determining "individual exposure" or "individual familiarity" with the test items or by manipulating this experimentally.
One question posed in the introduction to this study was whether consistency could really be used as a criterion to distinguish a "storage" deficit from an "access" deficit. We have demonstrated that This document is copyrighted by the American Psychological Association or one of its allied publishers.
performance is indeed highly consistent in participants with svPPA, as predicted for an underlying storage deficit. We have argued that the consistency of naming performance found in the case series described here informs us about the consistent availability of necessary semantic features that lead to accurate naming, or their consistent unavailability, leading to inaccurate naming. Conversely, the consistency or inconsistency of a participant's naming performance can allow us to draw conclusions about the extent to which particular lexical items are affected by the loss of semantic information. This could be an important insight for the choice of an appropriate treatment method. Recent literature reviews by Carthery-Goulart et al. (2013) and Jokel, Graham, Rochon, and Leonard (2014) on interventions in PPA have stressed that most interventions for individuals suffering from svPPA have focused on relearning lost words. Importantly, participants relearn words more effectively when they still have some retained semantic knowledge about the item (see, e.g., Jokel, Rochon, & Leonard, 2006 ). As we have suggested above, greater availability of semantic information in the form of semantic features is related to lower consistency in naming, especially within the semantic error subtypes. Consequently, for participants who show lower consistency, word-retrieval training might improve the ability to connect the remaining semantic information with its correct lexical label and thereby increase accuracy and reduce variability in naming. In contrast, for participants that show high consistency in naming errors and semantic error subtypes, treatment focusing on semantic feature generation might be more appropriate, thereby improving access to semantic features that have been lost because of deterioration (e.g., using approaches such as conceptual enrichment therapy; Suárez-González et al., 2015; Suárez-González, Savage, & Caine, 2016) .
Conclusion
The aim of this study was to clarify the significance of one characteristic of a storage deficit, which has been proposed to be the underlying deficit in svPPA: We focused on the investigation of performance consistency in picture naming to establish its role for the evaluation of the nature of semantic breakdown in this disease. Previous studies have compared performance consistency only across different tasks or between nonconsecutive sessions, or have looked only at the consistency in accuracy (e.g., Coccia et al., 2004; Hodges et al., 1995; Jefferies & Lambon Ralph, 2006) . In this study, we found further evidence of consistency in performance at an item level in naming accuracy and also for the production of semantic errors independent of word frequency, familiarity, or other item-related variables. These results provide further insights into the structure of semantic representations and the way they can be damaged in a neurodegenerative disease like svPPA. Specifically, our results suggest that consistency varies as a function of semantic feature availability in svPPA and that this availability is not strictly related to disease severity. We suggest that information about consistency in naming performance can not only be taken to diagnose, and thus localize, the underlying impairment (semantic storage vs. access deficit) but also to inform, and thus select, an appropriate language treatment technique. Figure C1 . Response patterns of participants with the fewest correct responses. See the online article for the color version of this figure.
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Regression models Participants and number of items 
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